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COMPRESSIVE STRENGTH OF SHEET-STIFFEFER PANELS
TO THE DIAMETER OF RIVET USED FOR
ATTACHING STIFFENERS TO SHEET
By Norris ¥, Dow and William A. Hlckman

SUMMARY

Compressive tests were made of 24S-T alumlinum-alloy
sheet-stiffener panels, which had five.ratlos of stif-
fener thickness to sheet thickness., For each ratio the
rivets used to attach the stliffeners to the sheets had
five (except in one case, four) different diemeters.
The tests showed that for the panels of this investl-
gatlion, which falled by local buckling at average
stresses greater then 35,000 psl, the compressive
strengths 1increased with an lncrease 1in the diameter of
the rivets for the rivet spaclings used until the ratilo
of rivet diameter to over-all thickness (sheet plus
stiffener) reached approximately 1l.25.

INTRODUCTION

In the design of stressed-skin structures for air-
craft, the rivet dlameter and spaclng used to attach
stiffeners to sheet have been determined mainly by rule
of thumb. Investigations have been made (references 1
and 2) 1n order to correlate the strength of a skin-
stiffener panel with the spaclng of the rivets. There
appear to be no quantltative data, however, from whilch
to determine the size of the rivets, especially for
panels designed to withstand relatlively high compressilve
‘stresses,

In order to obtailn information on the riveted
Joint required between the sheet and the stiffener to
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develop the potential strength of sheet-stiffener com=-
binations, an investlgation has been started to deter-
mine experimentally an adequate size and spacing of
rivets. The results of the first serles of tests for
thls Investigation are reported herein.

TEST SPECIMENS AND METHOD OF TESTING

The specimens consisted of panels having simple
triangular stiffeners, as shown in figure 1. The stif-
feners on all panels were ldentical. The sheet thickness
was varled to give five selected ratios of stiffener
thickness to sheet thickness. The proportions of the
248-T aluminum-alloy panels (teble I) were chosen to
give potential strengths of over 40,000 psl, slnce it
was belleved that the deslgn of the riveted Jolnts would
be most critical on panels having high potential strengths.

The rivets used throughout the lnvestlgation were
Al17S~T flat-head rivets (AN4424D). Except in one case,
five different rivet dlameters were used for each ratio
of stiffener thickness to sheet thlckness. On 24 of the
panels, the rivets were driven by the NACA flush-riveting
process, in which the rivet is inserted with the head
opporite the countersunk end of the hole and the shank
of the rivet 1s driven into the cavlty formed by the
countersink. A countersink angle of 60° was used
throughout. Rivets driven by the NACA flush-riveting
process have been shown (reference 3) to give tighter
Joints than rivets driven by the conventional machine=-
countersunk flush-rivetlng process.

Ten additlonal panels were constructed 1in which
noncountersunk rivets were used. In these panels the
flat heads were placed on the sheet =slde of the panel;
and the formed heads, on the stiffener slde. Fxcept
for the method of riveting, these panels were identical
to groups 2 and 4 of table I,

Ultimate compressive loads for the speclmens were
determined in a hydraulic testing machline having an
accuracy of #1 percent of the load. The ends of the
gspecimens were ground square and parallel before testing
to ensure an even distributlion of load over the panel.
The lengths of the panels were so chosen that there were .
no column fallures,
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RESULTS AND DISCUSSION

For the 248-T aluminum-elloy panels, which falled
by local buckling at average stresses greater than
35,000 psi (fig. 2), the compressive strengths increased
with an increase in the diameter of the rivets until the
ratio of rivet dlameter to the sum of the thicknesses

of sheet and stiffener -E;-%—E; reached approximately

1.25. Flgure 2 also shows that, for the rivet spacings
used, no appreciable 1increase 1ln panel strength ooccurred

for values of 1;—4%—5— greater than 1.25. Lxcept for
8 w

one test speclmen, the results for the panels having
NACA machlne-countersunk flush rivets did not differ
appreclably from the results for the panels having non-
countersunk rivets.

There are two posslble explanatlons for the fact
that the panels reached maximum strengths. Elther the
potentlal local buckling strengths were achieved for
the rivet spacings used, or the compressive strengths
of the panels werc limited by rivet etrength for

d
'E'S_TFW > 1.25.

In an effort to determine which explanatlon i1s the
more nearly correct, a serles of tests was run, in the
manner described In reference 4, to determine the
strength of NACA flush rivets 1n tension. The tensile
propertles were investigated because the eppearancs of
the panels after fallure suggested that, although tke
loads 1nduced on the rivets were undoubtedly combined
shear and tension, the ternsion probably was the load that
more greatly influenced fallure. ZEvidence of the tenslle
loads on the rivets 1s given in figure 3, which shows
that even for the panel having the largest rivets, the
sheet tended to pull away from the stiffeners and thereby
Induced tenslon on the rivets.

The tensile strengths of the rivets are plotted in
figure 4. For all the ratios of ty/ty investigated
at a constant value of ty of 0.064 inch, the
strengths of the _rivets in tenslon continued to

increase as ——% ___ increased above 1.25, Becauss
tg + tw

the greater rivet strengths did not produce corre-
sponding Iincrements in average stress at maximum load
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for the panels, 1t eppears unlikely that the potential
local buckling strengths of the panels are substantlally

above those achleved at e = 1.25.
tg + ty

Addltlonel testing willl be required to establish
the effects of rivet spaclng, stiffener spacing, and

d
type of fallure upon the value of at which the
yP Y Tirjri;
potential strength of a panel 1s substantlially achleved.

CONCLUSION

For the 24S-T aluminum-alloy skin-stiffener panels
of the present investigation, which falled by local
buckling at average stresses greater than 35,000 psi,
the compresslive strengths depended upon the dlameter of
the rivets. For the rivet spaclngs used, the compres-
sive strengths Ilncreased wlth an increase 1n the
diameter of the rivets(until the ratio of r%vet lameter
to over-all thlckness (sheet plus stiffener
reached approximately 1.25. ts + E;

Langley Memorlal Aeronautlical Laboratory
Natlonal Advisory Commlttee for Aeronautics
Langley Fleld, Va.
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TABLE I.- NOMINAL DIMENSIONS OF TEST PANELS AND- RIVET SPACING
[A11 aimensions are in 1ni]

Sheet Width of |Length of |Spacing of |Dlam. of|Spacing of Depth of
Group {thiclkness,| panel, psnel, |stiffeners,| rivets, rivets, }countersink,
ts i bs o P c
(1/16 5/8 0.035
3/32 5/8 .040
1 0.051 11.154 6.06 2.858 <1/8 5/8 .050°
5/32 5/8 060"
(3/16 5/8 J08C
|1/16 3/4 .035
3/32 5/4 .040
2 .064 12.129 5.84 3,183 $1/8 3/4 .050
5/2 3/4 .060
7‘5/16 3/4 .065
3/32 7/8 .040
1/8 7/8 .060
3 .081 13.395 3.64 3.505 $5/22 7/8 .065
3/16 v/8 .075
| 1/4 7/8 .080
z/32 7/8 .050
1/¢e 7/8 060
4 .102 15.979 5.20 4,133 $5/32 7/8 .070
3/16 7/8 .080
‘1/4 7/8 .090
J’lfs 7;3 .070
- 5/32 7/8 +080
5 .125 17.004 5.00 4,808 3716 n " 590
1/4 7/8 .100
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Figure 3.- Panels after failure.
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